Acid is higher than is the standard on feed composition palmitic acid (C15H31COOH) or C16 11.2 %. Feed composition C16, top temperature precut and bottom main distiller column were optimized to produce DOA. A factorial design with 3 independent variables, 3 X 2 X 3, repeated twice as much, is applied to observe effects of feed composition C16 to quality parameters. In the optimum C16, feed composition at 5.20 % produced DOA with titer 6.8 o C, cloud point 5.0 o C (inside its specification).
I. INTRODUCTION leochemical industries have just established in
Indonesia since 1988 and begun the operations in the last following 2 years. At that time, oleochemical was a new industry in our country and we still relied on the power of the overseas technology even for daily operations. Along with the development of oleochemical industries, Indonesia has become more aware of how to control daily operations, how to change or modify the oprating condition, and how to make modifications better in quality and diversification for better product so tht the industries can complete in international markets and win the demand.
Optimization results in this article is one indicator of the ability of Indonesia in the form of modifying, refining and diversifying new products in this industry, particularly manufacturing and purifying DOA of CPO to manufacture and purify Distillate Oleic Acid (DOA) of crude palm oil (CPO). This is the first one in Indonesia; furthermore starting from 2004, the products have reached international standard. This research was conducted by using distillation facilities of PT. XXX, the only manufacturer of DOA in Indonesia which has so far been used as the standard conditions for distillation of productions and purifications of DOA ( Fig. 1 and Fig. 2 ). The results of this study would enable Indonesia to minimize the dependency towards other countries' capacities. Until 2005, the DOA quality has not yet met the standards of the overall qualities, including that of titer and cloud points, and this causes inefficient productions, including 1 
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Engineering, FT, Jl. Almamater Kampus Universitas Sumatera Utara, Medan, 20155, Indonesia. E-mail: yusufrit@gmail.com. relatively low production of DOA, wastefully use of energy consumption and low competitiveness in the markets of oleochemical industry, as a consequence, the level of income would subsequently decrease; therefore, it is feasible to optimize for better efficiency and profitability.
The distillation of raw material process was generated from dry fractionation crude palm oil based. This is called the Crude Oleic Acid (CAO) [5] . Distillation process was used due to a distillation process since the COA contains lower and higher boiling points, such as: short chain of fatty acids, hydrocarbons, aldehydes and/or ketones, pigments and odors, and also triglyceride which can be separated well by distillation under vacuum pressure so that the quality of the product is better and more stable [1] [2] [3] 7, 10, 12, 15] .
The applied main conditions of crude oleic acid distillation process at that time were 11.2 % level of C16 feed, feed flow rate of 4.0 mt / hr, while the temperature of the top precut column was between 216-219 0 C at a pressure of 21-25 mbar, and the temperature of the bottom main or flash distiller column was between 246-249 0 C at a pressure of 10-12 mbar and flow rate DOA 3360 mt / hr.
That distillation process conditions produced titer 12.7 and cloud point 9.9 °C (it was lower than the desired quality standards) [5] and the yield of main products DOA was generally low, 84.0% (3360 kg / hr) (the desired was higher, approaching 90%); 7.3% yield residue (292 kg / hr) (was less desirable) and feed only 4.0 mt / hr maximum (the desired was much higher than 4.0 mt /hr).
This fact becomes an evidence that the plant has not been able to follow the trends in the oleochemicals industry over the past 30 years, which produced highquality final products with a high yield as well [7, 10] .
DOA production in 2002 was 2400 tons and continued up to 7200 tons in 2005. The increasing in the average demand of DOA within 2002-2005 is 1,600 tons per year [5] . This also becomes a factor that contributes to this research. This production is relatively lasted until 2007, because of the dry fractionation plant capacity that was limited only to produce of crude oleic acid (COA).
Palm oil was not only used as a source of saturated fatty acids: palmitic acid (C 15 (Table 2) . Palm oil also contains a short carbon chain of fatty acids, hydrocarbons, aldehydes and/or ketones, pigments and odors-called impurities are too sensitive to heat or the heating [10, 12] , these impurities remain ended into COA ( Fig.1) , which also determines the stages, the conditions of purification and quality of DOA because there are relations among the processes. In hydrolysis CPO triglyceride was converted into SCPOFA (Splitted Crude Palm Fatty Acid) which had slightly higher color from the color of crude palm oil, due to high heating (250-260 o C) during hydrolysis, so that the color of impurities will be darker, but the composition is relatively similar to CPO (Table 2 ). This will greatly affect the quality of the COA for DOA distillation, manufacture and purification. To manufacture and purify DOA lauric, myristic, palmitic (as the biggest components) and stearic acid must be separated into lower initial concentration so that the oleic acid concentration of DOA will be higher. The problem is how it can be separated and what process of technology will be applied on the present facilities.
This research aims to create a DOA with 70% minimum oleic acid composition,that is better and more efficient than is the existing facilities. In determining the direction of research, two boundaries between the quality parameters (titer and cloud point) that do not fit the standard are required (Table 1) .
Titer is the solidification point of fatty acid determined under specific condition. The titer value can be correlated with the degree of unsaturated of fatty acid and is useful determination for identifying and purifying fatty acid [13] .
Cloud point an alternative of the titer of an unsaturated fatty acid is the temperature at which a cloud or haze of crystal appears when the fatty acid is chilled without disturbance under definite prescribed conditions. It also correlates with the degree of unsaturated of fatty acid [13] . The higher the degree and amount of unsaturated fatty acid in fatty acid sample is, the lower the titer and the cloud point of fatty acid sample will be.
Reducing the amount of palmitic acid also reduces the amount of lauric acid (C 11 H 22 COOH), myristic (C 13 H 26 COOH) and stearic (C 17 H 34 COOH). Reducing the amount of palmitic acid becomes the main staple in raising levels of unsaturated fatty acids, oleic acid on the COA and DOA. Refining the existing distillation facilities can not be done, because only if it consists of the precut column to separate the light end (lauric acid, myristate, hydrocarbons, aldehydes and/or ketones, pigments, and the odors of a lower boiling point) and the main or flash distiller do not use trays and only demister (Fig. 8) , so that no fractionation can be made, (although based on the value of the boiling point of fatty acids in Table 3 it is still possible to do so), only separating the mixture of fatty acids (palmitic, stearic, oleic and linoleic acid) from the residue (the mixture of CPO triglyceride, arachidic acid, hydrocarbons, aldehides or ketones, pigments and odors) (Fig. 2) . The residue has the higher boiling point. If distillation facility consists of at least 2 or a maximum three fractionation columns, the manufacturing and purifying DOA (70% w / w minimum) will be affordable (See the boiling point of some fatty acids associated with the purifying DOA within Table 3 ).
Based on the fact above and melting point value of each fatty acid in Table 4 , decreasing palmitic acid composition is still possible to be made through a fractionation by crystallization in dry fractionation unit, to increase oleic acid content in COA (compare Table 5 and compare with Table 2 ). This will produce COA with lower titer and cloud point and the optimum one should be used as distillation feed. It can be found by researching and optimization. So the route to manufacture and purify DOA should be employed as mentioned in Fig. 1 above.
Through this step some impurities were separated into COA and stearic acid blended, so precut column's load was lower to separate palmitic acid and the lower fatty acids of oleic acid. Its capacity will be higher also and should be higher and optimum one capacity also. It can be found by researching and optimization also.
The composition of the feed becomes primary consideration in analyzing the possibilities of research steps that must be done in distilliation [8, 11, 14] . It includes COA, especially changes in the composition of palmitic acid (C 15 H 30 COOH) and its relationship with the direction of changes in the composition of stearic, oleic and linoleic acid, in particular the quality of DOA parameters, especially both titer and cloud point quality also refining conditions that will be applied to the distillation, based on the quality standards of DOA.
Decreasing palmitic acid concentration of COA will decrease the concentration of stearic (C 17 H 34 COOH), lauric, myristic acid and increase the major unsaturated fatty acid concentration with the longer carbon chain, such as oleic acid (C 17 H 33 COOH) in DOA, through distillation (considered of each fatty acid boiling point in Table 3 ). This will affect into decreasing of the titer and cloud point of DOA, because of oleic acid had the lowest freezing point than all the others fatty acids in DOA, except linoleic acid (see Table 4 ). Linoleic acid (with 2 double bonds of C = H) has the lower freezing point than oleic acid (with one double bond of C = H), because of the additional of the double bond of fatty acid affect to the lower freezing point [13] . The varied reducing of palmitic acid concentration will produce DOA with the lower varies titer and cloud point, should be any the optimum one for the titer and cloud point of DOA that meet its quality standard. It can be found by researching and optimization. Based on this, results will be obtained also an idea to modify the present facility.
Based on the melting also freezing point values in Table 4 and boiling point in Table 3 , it is so interesting to decrease all of fatty acids content under oleic acid to reduce the titer and cloud point of COA and DOA, but it is not possible, because each fatty acid dissolved to each other and made the difficulties in the separation using crystallization that cannot be separated completely). The lower the fatty acid content in feed, the more difficult it is to be separated. Therefore, decreasing palmitic acid will remain the same as other fatty acids, but with lower concentration.
In distillation, decreasing palmiatic acid is not possible either, although it is done through fractional distillation to get the lower titer and cloud of DOA. A suitable fractionation column could not reach 100% effectiveness for the separation, including the separation of other fatty acids under oleic acid, although it will be lower compared to the uses in the present flash distiller. Besides the boiling point of stearic acid was so close to the boiling point of oleic acid (Table 3) and the amount of stearic, palmitic, myristic and lauric were small enough in the feed (Table 5) . Thus, this is the reason why decreasing of palmitic acid will remain the same as other fatty acids, with lower concentration, although through distillation.
II. METHOD
Raw material, crude oleic acid, was produced by fractionation of Splitted Crude Palm Oil Fatty Acid (SCPOFA) from Dry Fractionation Plant (SCPOFA as a Crude Fatty Acid that was produced by crude palm oil hydrolysis). Crude oleic acid will be purified. Soft water was produced from water treatment plant, steam 11 bars from the Steam Medium Pressure Boiler (SMP Boiler) and Oil Thermal Heater (OTH) from the OTH Boiler. All of these are available on PT. XXX's plant site.
Research used the factorial method with 3 independent variables, such as level of C 16 feed at level of 5.2, 7.7 and 10.5 % by weight, the top temperature of the precut column at 190 and 195 o C (15-21 mbar pressure) and the bottom temperature of main distiller column at 218, 220 and 220 o C (pressure of 5 mbar) at a feed flow rate of 5 tons / hour. Factorial method was planned with a fixed model 3 x 2 x 3 and repeated 2 times for each factor [13] and the parameters were observed, among others, are the titer, cloud point and changes in the production levels of DOA. Statistical analysis was performed with the program of Minitab release 14 [9] . Samples of DOA were taken every 2 hours, minimum of 500 ml and analysed with the procedure of analysis refers to AOCS 1-62 for fatty acid composition analysis, AOCS Ce 13e-92 for analysis of the titer and AOCS Ce 13e-92 for analysis of the cloud point of DOA [4] .
III. RESULTS AND DISCUSSION
This optimization has resulted in the 1280.16 tonnes appropriate quality standards DOA. Decreasing levels of C 16 feed on Table 6 caused a decreasing in the value of feed titer and cloud-point. The influence on increasing of production and decreasing in value of the titer and the point cloud of DOA are shown in Table 7 . These data on this TABLE show the decline in the titer, cloud point and the higher production levels of DOA that are the effect of decreasing of C 16 levels of the feed. These statements are the results of factorial method analysis that was used in this research.
A. The Signification of the Effect of the Optimized Process Variables On the Titer of DOA
In analyzing the effect of process variables with Minitab Release 14 ; C 16 is C 16 content in the feed, T precut is the top temperature of the precut column and B. MD is the bottom temperature of of the main or flash distiller column, a * between the two symbols of this process variable state of the interaction between two or more variables. So C 16 * T precut, is the interaction levels of C 16 feed with the top temperature of precut column and so on for the others interaction, df is degrees of freedom, Jk is sum of square, kt is central square, F Anova is distribution test analysis of variance and P Anova is significance test analysis of variance. Effect of process variables, significant, if P anova < Pα = 0.05.
Factorial analysis results in Table 8 and the signification in Table 9 below described the influence of optimized process variables on the titer of DOA. The statistical analysis results on Table 8 and its signification in Table 9 shows that the levels of C 16 and the top temperature of the precut column effect is significant on the titer of DOA (P anova <Pα), while the bottom temperature of the main or flash distiller column effect is not significant (P anova > Pα).
The impact of each main factor's shown in Fig. 3 below. The reduction of C 16 increases the composition of C 18-1 DOA at the same temperature of the top precut and the bottom main or flash distiller column. Raising in the top temperature of the precut column caused a decline of C 16 which increase of C 18-1 DOA, so that the titer is much lower because of oleic acid (C 18-1 ) has lower titer than the titer of saturated fatty acids C 12, C 14, C 16 and C 18 also C 20 [14] .
Raising the bottom temperature of the main or flash distiller column do not significantly affect the levels of changing of C 18-1 DOA, it doesn't significantly affect to the lower titer of DOA. See Table 7 above.
Based on the data and figures above, suitable optimum conditions for the purification of DOA are at 5.2% level of C 16 in the feed, the top temperatures of the precut column at 195 o C and 222 o C on the bottom temperature of the main or flash distiller column (i.e the highest DOA production at this temperature, see Table 7 above). 1. The Effect of C16 Levels in the Feed and Top Temperature of Precut Column to the Titer of DOA Decreasing C 16 feed leads C 18-1 level of the feed to increase (Table 6 ) and increasing the temperature of the top precut column causes C 16 evaporate more in the same column, which also causes of increasing of level of C 18-1 in the DOA (Table 7) . This leads lower titer values of DOA.Based on the summary results of statistical analysis one way ANOVA in Table 10 and graphic of the interaction of the main factors in Fig. 4 (graph 1) below.
Decreased levels of C 16 in the feed at the top temperature of the precut column of 190 and 195 o C lead the lower titer of DOA, a significant influence, be cause P anova = 0.000 < Pα. The increment of the top temperature of the precut column at the same level C 16 in the feed cause of the lower titer of DOA, a significant effect, because P anova = 0.000. See Fig. 5 Fig. 4 (graph 2) , the reduction in titer DOA due to the increment of the bottom temperature of the main distiller at the same level of C 16 in the feed is not significant. As a result the interaction between the decreasing of level of C 16 in the feed and the increment of the bottom temperature of the main or flash distiller is not significant either. This is caused by the increment level of C 18-1 of DOA that is relatively small changes and not constant at the increment of the bottom temperature of the main or flash distiller on the same level of C 16 in the feed ( Table 7) . The mean titer of DOA as a result of the interaction of these two factors is shown in the summary of statistical analysis using one way ANOVA in Table 11 below, reinforce the results of significance in Table 9 , Fig. 3, Fig. 4 (graph 2) and Fig. 5 .
The statistical results depicted in Table 11 can be explained as follows: interaction effect of the bottom temperature increment of main or flash distiller on the same C 16 feed does not significantly decrease titer of DOA, because relatively small changes are not permanent; however, this interaction causes bigger head given off to separate DOA so it is easier that the DOA becomes evaporated and condensed. The results from the interaction of these two factors are processed and taken flat rating of DOA increment and are summarized in Fig. 6 , on the right hand column of this page.
The biggest production of DOA was obtained at 5.2 % level of C 16 in the feed and 222 °C on the bottom temperature of the main or flash distiller, because the average level of C 18-1 is the largest at this point (Table  7) , which cause the lowest average titer of DOA and the largest average of DOA production. The optimum conditions are selected in the lowest titer of DOA and the largest of DOA production.
Based on the above discussion, the optimum conditions to reduce the titer of DOA are 5.2 % level of C 16 in the feed, the top temperature of the precut column 195 o C and the bottom temperature of the main or flash distiller column 222 o C. Before the optimization's carried out, the efforts to reduce the titer performed with the addition of C 12 and C 14 to reduce level of C 16. . Reducing C 16 content will reduce the titer of DOA. Table 12 and signification in TABLE 13 show that the level of C 16 feed has a significant influence on the cloud point of DOA (P anova = 0.00 < Pα = 0.05), the top temperature of the precut column's significant (P anova = 0.00 < Pα = 0.05), the influence of the bottom temperature of the main or flash distiller column's also significant with (P anova = 0023 < Pα = 0.05).
B. The Effect of Process Variables Optimized and Its Interaction to the Cloud Point of DOA

Statistical analysis results in
The final results of statistical analysis show the decreasing factor C 16 feed, increment of the top temperature of the precut column and a significant interaction influence of the decreasing in the cloud point (cp) DOA. The results of factorial statistical analysis, graphic plots of the main factors and their interactions as well as summary results of statistical analysis using one-way ANOVA below are sufficient to be used as distillation data to discuss the optimum conditions of DOA purification in this study. The effects of the main factors are shown in Fig. 7 .
Decreasing C 16 levels affects the increasing levels of C 18-1 DOA at the same top temperature precut and the main or flash distiller column (see Table 7 above, on 1 st -5 th column). The increasing of the top temperature of precut column caused a decreasing in C 16 which causes the increasing of C 18-1 DOA, so that the cloud point is significantly lower. This is due to oleic acid (C 18-1 ) that has the lowest freezing point than saturated fatty acids C 12, C 14, C 16 and C 18 also C 20 [13] .
Based on the data and figures above, the suitable optimum conditions for the purification of DOA are at 5.2 % level of C 16 in the feed, the top temperatures of precut column of 195 o C and the bottom temperatures of the main or flash distiller at 222 o C (remember the highest production of DOA at this temperature, see Table 7 and Fig. 5 ). a. The Effect of C 16 Levels of feed and the Top Temperature Precut Column to the Cloud Point of DOA Decreasing C 16 feed lead to increase level of C 18-1 (Table 7) and increasing the top temperature of the precut column causing C 16 is evaporated more on the same column, which also causes the increasing level of C 18-1 in the DOA. This leads to the lower value of the DOA cloud point.
Based on the summary results of statistical analysis one way ANOVA on Table 14 below and graphic plots interaction among the main factors in Fig. 8 (graphic 1) above, decreasing level of C 16 in the feed at the top temperature of the precut column at 190 and 195 o C, cause the lower cloud point of DOA, significant effect, because P anova = 0.000.
The incrasing of the top temperature of the precut column at the same level of C 16, which also causes the lower cloud point of DOA, significant effect, because P anova = 0.000. The lowest cloud point of DOA was obtained at 5.2 % of C 16 in the feed better at a temperature of 190 and 195 o C, but the highest production of DOA is obtained at 5.2 % C 16 feed and the top temperature of the precut column 195 o C (Table 7) , which are summarized in Fig. 5 Table 15 ).
The average value of cloud-point of DOA, as a result of the interaction of two factors is shown in the summary of statistical analysis using one way ANOVA in Table 15 above, reinforce the results of significance in Table 8 , Fig. 7, Fig. 8 (graph 2) and Fig. 6 .
The statistical results in Table 15 can be explained as follows: interaction effect of the increasing of the bottom temperature of the main or flash distiller at the same level of C 16 feed is significantly affect to the decreasing of cloud point of DOA.
The largest DOA production is obtained at level 5.2% of C 16 feed and the bottom temperature of the main or flash distiller 222 °C , because of the average level of C 18-1 is the largest at this point. See Fig. 4, Fig.  5 and (Table 7) above, which causes of the DOA average production is greater and lowest cloud point. The optimum conditions were selected at the lowest cloud point and the largest DOA.
Based on the above data, it can be inferred that there are suitable conditions for the purification of DOA, at 5. 
C. Comparation of Optimization Results
The results of the optimization can be seen in Table  16 and Table 17 . The optimum conditions of oleic acid purification through distillation can be performed on a feed capacity of 5 mt / hour with a higher production level of DOA at 88.34 %. It is higher than 84.0 %. DOA quality that is produced according to the quality standard within Table 1 . The titer of DOA is obtained at 6.8 o C and the cloud point at 5.0 o C. These values are lower than the the standard ( Table 7 in the bottom row).
D. An Idea to Modify the Present Distillation
Technology for Better Oleic Acid Purification Based on these results (see the increment of oleic acid composition cause of the increment of bottom temperature of the main distiller in TABLE 7 above), the refining technology available in the existing facilities can be improved, in order to improve the quality of oleic acid with a certain color and odor (both not discussed in this article), composition (mainly oleic acid C 18-1 greater than the results of this study) and the production yield of DOA. See Fig. 10 [5] . Titer and cloud point value will be better than the results of this study.
The present main or flash distiller (see Fig. 9 ) has no tray, but only demister. It cannot separate palmitic acid to the lower to provide oleic acid C 18-1 composition to the higher. Improvement of this equipment will expand the capacity of oleic acid purification through distillation, and it has also better quality of DOA and higher capability to compete in the market of oleochemical industry.
Replacement of the main or flash distiller column with the main fractionator (2 nd column in Fig. 10 ) with the special trays (that has a higher efficiency) and double condensers or partial condensers will increase the efficiency of separation of the lower boiling point and higher boiling point of DOA, the impurities that had been mentioned in introduction above. The separation of palmitic acid would be more effective and it composition will be lower, so the composition of oleic acid will be higher than the results of this study (80 % minimum). Reduction of palmitic acid will be accompanied by the better color, odor and the bigger yield of DOA. Replacement of total condenser in the present main distiller with partial condenser will be easier to separate the impurities light end, colors, odors so that DOA quality will be better stable. The impurities cannot be separated bigger on the top of 1 st column, because of heat stress effect in 1 st column, heat stress affects the darker of color and stronger odor of fatty acid products, including DOA.
IV. CONCLUSIONS
The optimum conditions for oleic acid purification through distillation process to provide the in specs titer and cloud point DOA as quality standard are at 5.2 % of C 16 feed, the top temperature of the precut column 195 0 C and the bottom temperature of the main or flash distiller column 222 o C, which is appropriate to increase production yield of DOA to be 88.34 % (higher than 84 %) also to reduce the titer (6.8 o C) and cloud point (5.0 o C) DOA. In general, it can be concluded that there are three major refining process variables were optimized in this experiment. Declining C 16 level in the feed, increasing the top temperature of the precut column and the bot tom temperature of the main or flash distiller column had the significant influences on the decreasing of the titer and the cloud point also on the increasing of DOA production yield, which met the quality standards of DOA in Table 1 above.
V. SUGGESTIONS
Production yield of DOA of has the possibility to get higher by using crude oleic acid with the lower C 16 in the feed, lower than 5.2 %. It is also possible to modify the present facility of distillation to get the higher oleic acid purity by using the suitable fractionation column with double condensers (partial condenser) as replacement of the main or flash distiller with total condenser. 
